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Test Sequence Compaction Method
for Sequential Circuits with Reset States

YOSHINOBU HicaMi,t YUZO TAKAMATSUt and Kozo KINOSHITA't

In this paper, we propose a static test sequence compaction method for sequential circuits
with reset states under single stuck-at fault model. The proposed method first finds unre-
movable vectors by fault-dropping fault simulation or by non-fault-dropping fault simulation.
Next, a subset of test vectors other than unremovable vectors are replaced with a reset sig-
nal. Detection of faults that are detected by an original test sequence is guaranteed by logic
simulation and fault simulation for test subsequences. Experimental results for benchmark
circuits show the effectiveness of the proposed method.
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Table 1 Example of fault propagation.
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Algorithm: Replace removable vectors with reset signals by logic simulation

[*tit2, .t
/* RS : areset signal;
/* Tsub :

Tcom pact

Tcompact = Tsup = ¢;
for (i=n;i>1;i——)
if (t; is an unremovable vector)

a given test sequence;
: the obtained compacted sequence */
target test subsequence for logic simulation */

/* + : concatenation of test vectors */

s; @ present state for t; */

Scompare = Si;
Tcompact =t; + Tsup + Tcompacﬁ
Tsub = &3
else if (Tsup = @)
Tsub = ti;

else

Perform logic simulation with RS + Tsyp;
if ( The final state is equivalent to Scompare)
Tcompact =RS + Tsub + Tcompact§

Tsub = &5

while(¢;_; is a removable vector && i > 1)

==
else
Tsub = ti + Tsub;

01 000000000000O0O0000OOOO00O0O0000000

Fig.1 Algorithm to replace removable vectors with reset signals by logic simulation.
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Algorithm: Replace removable vectors with reset signals by fault simulation

/¥ ti,t2,...,tn : a given test sequence */
/* RS : areset signal ,  Tcompact :
/* Fiarget : target faults for fault simulation;
/* + : concatenation of test vectors */
Fta.'rget = Tcompact = Tsub = ¢;
for (i=mn;i>1;9— —)

if (t; is the first fault-detecting vector)

the obtained compacted sequence */
Tsyup : target test subsequence for fault simulation */

Ftarget = FtargetU {f:t; propagates the effect of f to some primary outputs for the first time};

Tsub = ti + Tsub;

else if (t; is a fault-propagating vector)
Tsub = ti + Tsub;

else if (Tsub # ¢)

Perform fault simulation with RS + Tsyp;

if ( All the faults in Fiarget are detected)
Tcompact = RS+ Tsup + Tcompacﬁ
FtaTget = Tsub = ¢;

else
Tsub =t + Tsub;

02 0OO00000OOO0OOO0OO0OODOOOOOODOOOOOOOoOoOoO
Fig.2 Algorithm to replace removable vectors with reset signals by fault simulation.
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Table 2 Example of a test sequence.
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Table 3 Example of a test sequence.
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Table 4 Example of fault detecting vectors.
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Table 5 Experimental results for test sequences generated by HITEC.

length reset cputim(s)
ckt original ml % m2 % ml m2 ml m?2
s344 127 94 74.0 83 65.4 9 7 0.02 0.06
5349 134 98 73.1 79 59.0 12 9 0.02 0.06
382 2074 1540 74.3 1307 63.0 9 11 4.64 6.37
386 286 225 78.7 185 64.7 34 34 0.06 0.12
5400 2214 1517 68.5 1210 54.7 10 14 4.48 3.96
5420 166 152 91.6 140 84.3 9 12 0.09 0.15
s444 2240 1259 56.2 1183 52.8 11 14 5.01 4.56
s526 2258 1753 77.6 1322 58.5 4 11 2.82 11.33
s641 209 197 94.3 151 72.2 8 13 0.11 0.18
s713 173 165 95.4 137 79.2 9 13 0.08 0.17
s820 1115 1014 90.9 872 78.2 78 72 0.80 1.44
s832 1137 1051 92.4 890 78.3 70 72 1.06 1.65
51196 435 411 94.5 340 78.2 25 55 0.42 1.03
51238 475 456 96.0 364 76.6 20 59 0.64 1.29
51423 150 150 100 131 87.3 1 5 0.47 1.21
51488 1170 1107 94.6 943 80.6 61 59 2.06 3.24
1494 1245 1160 93.2 1008 81.0 69 58 2.25 3.62
sH378 912 779 85.4 625 68.5 15 35 26.89 75.98
535932 496 456 91.9 368 74.2 14 11 966.4 2250
average 851.5 679.8 85.4 567.4 71.8 23.6 28.3 50.9 118.3

mlOO0 1 m2000 2

06 00000O0O0OODOOO %O
Table 6 Fault coverage by compacted test sequences.

ckt original ~ methodl method2
s344 95.91 98.25 98.25
s349 95.43 97.14 97.14
382 78.19 86.22 86.22
s386 81.77 81.77 81.77
s400 82.55 85.14 83.02
s420 41.63 47.21 47.21
s444 82.07 83.54 82.49
s526 65.05 77.48 77.84
s641 86.51 87.37 87.37
s713 81.93 82.62 82.62
$820 95.65 95.77 95.77
$832 93.91 94.02 94.02
s1196 99.76 99.76 99.76
s1238 94.69 94.69 94.69
1423 47.72 49.11 48.98
s1488 97.17 97.31 97.31
s1494 96.48 96.61 96.61
s5378 70.19 71.78 72.39
$35932 89.28 89.30 89.30
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Table 7 Experimental results for test sequences generated by ROR.

ckt original ROR
s344 127 48
5349 134 49
s382 2074 430
s386 286 143
s400 2214 584
s420 166 93
s444 2240 418
$526 2258 611
s641 209 109
s713 173 93
$820 1115 597
$832 1137 605
s1196 435 252
s1238 475 267
s1423 150 114
s1488 1170 643
1494 1245 614
s5378 912 469
$35932 496 149

methodl method2
length  reset length reset
43 2 37 4
48 2 44 5
384 3 331 4
138 6 125 9
501 2 500 3
93 1 93 1
277 4 276 5
610 2 605 3
109 1 103 2
93 1 87 2
594 4 592 6
594 7 588 9
251 2 247 5
266 2 253 11
114 1 111 2
638 6 636 7
608 7 606 9
468 2 417 14
149 1 148 2

08 0O0O0OO0OOOOOOOO
Table 8 Comparison of experimental results with other results.

ckt original ROR | method2 method24+  Lin, et al.

s344 127 48
5382 2074 430
5400 2214 584
s444 2240 418
s526 2258 611
5641 209 109

s713 173 93
5820 1115 597
5832 1137 605
51196 435 252
51238 475 267
51423 150 114
51488 1170 643
51494 1245 614
s5378 912 469
535932 496 149

37
331
500
276
605
103

87
592
588
247
253
111
636
606
417
148

41 50
335 353
503 584
281 480
608 649
105 112
89 93
598 599
597 597
252 256
264 272
113 160
643 613
615 640
431 456
150 183

09 0OUOO0OO0OO0OOOOOOOOOOO
Table 9 Experimental results with different upper bounds of detection times.

length cputime(s)
ckt original max=10 max=100 % max=10 max=100 %
5344 127 83 65 78.3 0.06 0.11 183.3
5349 134 79 61 77.2 0.06 0.10 166.7
5382 2074 1307 1284 98.2 6.37 4.92 77.2
5386 286 185 170 91.9 0.12 0.18 150.0
s400 2214 1210 1065 88.0 3.96 4.25 107.3
5420 166 140 135 96.4 0.15 0.17 113.3
s444 2240 1183 1175 99.3 4.56 4.88 107.0
s526 2258 1322 1259 95.2 11.33 12.89 113.8
s641 209 151 146 96.7 0.18 0.26 144.4
s713 173 137 128 93.4 0.17 0.27 158.8
5820 1115 872 863 99.0 1.44 2.02 140.3
5832 1137 890 876 98.4 1.65 2.17 131.5
s1196 435 340 340 100 1.03 1.35 131.1
51238 475 364 350 96.2 1.29 1.59 123.3
51423 150 131 131 100 1.21 1.39 114.9
51488 1170 943 895 94.9 3.24 4.86 150.0
51494 1245 1008 996 98.8 3.62 5.45 150.6
5378 912 625 708 113.3 75.98 90.23 118.8
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